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© DNA probe signal amplification. 

® The Invention relates to a method for amplifying a signal during the detection of target nucleic acid 
molecules comprising the steps oh 

a) hybridizing a first sequence of a primary oligonucleotide probe to the target nucleic add molecules wherein 
the primary probe has a means for binding to a bridging nucleic acid molecule, the bridging molecule being 
capable of hybridizing to at least one developer nucleic acid molecule: 

b) exposing the primary probe to the bridging molecule and to a first developer molecule and a second 
developer molecule, each developer molecule comprising: 

I) a first branch comprising a sequence of at least two different nucleotides and at least six total 
nucleotides complementary to a sequence of a first branch of the other developer molecule; 

II) a second branch comprising a sequence of at least two different nucleotides and at least six total 
nucleotides complementary to a sequence of a second branch of the other developer molecule; and 

HI) a detectable label or a means of being converted Into a developer molecule comprising a detectable 
label; 

wherein the first developer molecule and the second developer molecule have structures that are the 
same or different; and 

steps a and b being conducted under conditions such that 
0 the bridging molecule binds to the primary probe and hybridizes to the first developer molecule; and 
fl) the bound first developer molecule hybridizes to the second developer molecule to form a developer 
chain; and 

c) detecting the labeled developer molecule in the 
developer chain 
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nMA NA J' r0beS f e J m PP rtant 10013 ln «» and molecular biology. Specific genes have been located in 
cDNA and genomic libranes. and have been localized to Individual chromosomes through the use of such 
probes, n addition, labelled DNA probes have been used to detect pathogens such as viruses and bacteria 
In biological fluids and tissue samples. 

' / , * ]a ^.° t ! A P , r0be '* tyPtea " y m oll " onuclaollde conjugated to a label, such as a reporter molecule 
felso referred to herein as a label). The oligonucleotide may be synthetic or natural, and is complementary 

1 P !? 0n ° f S8qU8nC8 " 018 tarB9t DNA mol8CUle - ™ e ^porter molecule may be radioactive or non- 
radioactive. Norwadloactjve reporter molecules are generally preferred for safety and environmental 
reasons Some common nonradioactive reporter molecules are detectable enzymes, fluorescent molecules . 
10 and bloon. " * 

T b6 , f^* * th ° d,rect| y- Alternatively, the probe may be conjugated to a Ogand 
and detected with a label that Is bound to a receptor of the llgand. For example, the probe may be 
conjugated to biotm and detected through the use of avldin or streptavidln that is labelled with a reoorter 
group or of a labelled antibody against biotin. 190 ™ 3 repClt0r 

is In order to detect very low levels of target DNA molecules, ft is often necessary to Increase the 
aSSo? a88ay ' 7118 SensltMty may 156 Increas8d two ways - target amplification and signal 

Target amplification may be carried out by the so-called polymerase chain reaction (PCR) method of 
Cetus ^rporatJon as described In U.S. Patent 4.683,195. This method Is based on the use of two 
20 oligonucleotides to prime DNA synthesis catalyzed by a polymerase. The two primers are complementary 
to sequences of opposite strands of double-stranded DNA. DNA synthesis occurs In each strand across a 
region spanned by the priming sites of the target DNA being amplified. By repeated cycles of denaturing 
toe DNA strands, annealing nucleotide primers and Initiating DNA synthesis with polymerase, an exponential 

™™ ,?J£! t3r98t DNA 15 ach,eved " Tn,s method has been reviewed by Gyllensten in Biotechniques 7. 
25 700-708 (1988). 

Aimougri PCR is effective in some cases, problems - such as excessive noise and false positives - 
exist The deficiencies of the PCR method are discussed In the Gyllensten review. 

A different approach to Increasing sensitivity of nucleic acid assays using oligonucleotide probes is to 
amplify the signal. For example. Segev. European Patent Application 292,128. discloses oligonucleotide 
so probes with increased sensitivity. Each probe has multiple branches tor labelling. 

Another signal amplification method Is described by Chiswell In U.S. Patent 4.716108 Chlswell 
discloses assays using a primary oligonucleotide probe and a complementary secondary probe. The 

SKSSU ZT molecu,e - * ""^ * - - 

ss Schneider and Shank. U.S. Patent 4.882.269. discloses hybridization assays wherein a sequence of a 
J* 1 ™? P^y*?*»* to the target nucleic add molecule and a plurality of labelled secondary probes 
n y ^?„l ' S9qu8nC83 °' 8,8 fximar * P" 3130 - n ° P rfm ary and secondary probes covered by US 
Patent 4.882^69 constitute the AmpllProbeni System of ImClone Systems Incorporated 

Parva at al U-S. Patent 4.731.325. discloses hybridization assays wherein more than one probe binds to 
2* *T 8 ? d m0l6CU,e - h Urdea et * us - p ^ 4.868.105. hybridization assays!™ disclosed 
whereta multiple primary probes bind to a target nucleic acid molecule. Labelled secondary probes 
hybridize to the primary probes. secondary prooes 

The need for even greater signal amplification has led to suggestions and speculation that chains of 
tabeDed secondary oligonucleotide probes bound to a primary probe would lead to highly sensitive 

" ~^ff ay3 ^° r r mP 1 l8, ^ Bmp0m Pat6nt APP^ 0 " 317,077. discloses hybridization 
assays for target nucleic add molecules. One or more primary probes, called amplifier probes, hybridize to 
the target molecule. A secondary probe, called a mulUmer. hybridizes to the primary probe or probes. The 

HTZEm T T £? bran f led - Sequ9nc8S 01 0,8 P"">e hybridize to a multiplicity 

of labelled oligonucleotides. Urdea et al speculate that the secondary probes may also be bound to each 

so other h a series. There is. however, no disclosure of how such a series of secondary probes may be 
formed. The series of secondary probes proposed by Urdea et al is Unpractical, since a number of 
oligonucleotides equal to the number of secondary probes in the series would have to be prepared 

Similarly. Collins. European Patent Application F 204510. discloses hybridization assays involving the use 
of a primary probe called a receptor probe, a secondary probe, called an amplifier strand, and a labelled 

» strand capable of hybridizing to the amplifier strand. The receptor probe hybridizes to the target nucleic 
acid molecule, and has a homopolymerlc nucleotide tail (Le. poly A). The amplifier strand contains a 
homopolymerlc nucleotide strand fj.e. poly T) capable of hybridizing to the tall of the receptor probe. The 
labelled strand contains a labelled homopolymerlc nucleotide strand (i.e. poly K) capable of hybridizing to 
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llT^LT^l ^" 9 ^ 3peCU ' at9S ** a socond homopolymeric amplifier strand (l-e. poly A) 
V 5* J'SSS 10 *" PreC6dln9 ampBfler strand 0* Poly T), and a second labelled strand fl.e I n 
Zdl iKTstr^rS amPl "' 8r S,raml - 711,3 tUrth8r 318,5 may 00 ^ ated to WkJ a ^ * 5£ 

«,» ^ ^r^lT 8 ^ r UCle0tld9 probes dlsclosed ^ C 011 "" ^ deficient In that one has no control over 
the extent to which each such probe hybridizes to Its complementary partner. For example, the second 
amplifier probe may hybridize so extensively with the first amplifier probe that there Is an insufficient 
number of remaining single-stranded nucleotides to hybridize with a third amplifier strand, in addition oro 

!<T»Zmt TT*^*^, 0 ' *f 88,163 °' ampllfl8r 3trana8 by »e hybridization of 

each amplifier strand to two additional amplifier strands. 

A need continues to exist for hybridization assays wherein a primary probe hybridizes to a chain 
Z ^T2£ o Se f°" dary f? 83 hybricIlzed to each other wherein the above-mentioned deficiencies 
are corrected One objective of the present Invention is to provide such hybridization assays. Further 
objectives o the present Invention are to provide hybridization assays having less nolsa. greater sensitivity 
nilf "2 , ' 3nd 9reater speed than has been achievable with previously known methods An 
additional objective Is to provide for exponential signal amplification In DMA hybridization assays 

SUMMARY OF INVENTION 

bv ^^?T.£St™ a3 j'," 60 apparert toth03awt,h 3H " I" fe ^ have been achieved 

SLSS 1 J£, 2 amp% 9 a 9nal durino *" detectton * ,afQ8, nud8lc add m0lecul8S 

a) hybridizing a first sequence of a primary oHgonucleotide probe to the target nucleic add molecules 
wherein the primary probe has a means for binding to a bridging nucleic add molecule, the brldoing 
molecule being capable of hybridizing to at least one developer nucleic add molecule- 

b) exposing the primary probe to the bridging molecule and to a first developer molecule and a second 
developer molecule, each developer molecule comprising: «.uesecono 

i) a first branch comprising a sequence of at least two different nucleotides and at least six total 
nucleotides complementary to a sequence of a first branch of the other developer molecule; 
B) a second branch comprising a sequence of at least two different nudeotldes and at least six total 
nucleoHdesMmplernentary to a sequence of a second branch of the other developer molecule; and 
JM^tedabte label or a means of being converted Into a developer molecule comprising a 

sam^ or^re 8 nJ md deVel0Per """^ *" """^ rnolecu,e hav0 *«*■■• that are the 

steps a and b being conducted under conditions such that 
Dfte bridging molecule binds to the primary probe and hybridizes to the first developer molecule; 

D) the bound first developer molecule hybridizes to the second developer molecule to form a 
developer chain; and 

c) detecting the labeled developer molecule In the developer chain 

. t,^^ f dent embodiment, the present Invention provides a method for amplifying a signal 
during the detection of target nucleic add molecules comprising the steps of: 

a) hybridizing a first sequence of a primary oHgonucleotide probe to the nudelc add target molecules 
w ) hare '"* 8 P robo has a mean, for binding to a bridging molecule, the bridging molecutebelng capable 
of hybridizing to at least one developer molecule; . » ™'ng capaoie 

b) exposing the probe to the bridging molecule and to a plurality of developer molecule* having at least 
*ree branches, each branch of each developer molecule having a sequence of at least six nucleotides 
mdelte™ 10 " S8qUenC0 01 at l8ast one other branch of the same or of another developer 
each developer molecule: 

I) being capable of hybridizing to at least three other developer molecules- and 

II) containing, or being capable of containing, a detectable label; 
under conditions such that 

I) the bridging molecule binds to the primary probe and hybridizes to at least one developer molecule; ' 

I I) at least two additional developer molecules hybridize to the first developer molecule: and 

HO a plurafity of other developer molecules hybridize to the hybridized additional developer molecules 
to forme developer chain; and 
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c) detecting the labelled developer molecules In the developer chain. 

The present invention further provides a method for detection In DNA hybridization assays. The method 
comprises a method for detecting the presence of a nucleic add sequence comprising the steps of: 

a) contacting the nucleic add with a molecule that * r 
s I) Is not a complementary nudeic add sequence; and 

II) binds specifically to the nudeic add sequence; and 

b) detecting the presence of the bound molecule. 

FIGURES 

10 

Certain embodiments of the Invention may be seen from the Figures. 

In Figure 1. a target polynucleotide molecule (2) Is immobilized on solid surface (5). First sequence (10) 
of primary probe (15) hybridizes specifically to a sequence of target molecule (2). Primary probe (15) binds 
to bridging molecule (20) through means (30). Developer molecule (40) hybridizes to the bridging molecule 
15 (20) and to additional developer molecules (40). The developer molecules are detectable through label (45). 
Figure 2 Is similar to Figure 1, except that the means for binding primary probe (15) to bridging 
molecule (20) is a second sequence of the primary probe (50) that hybridizes to a sequence of the bridoino 
molecule (20). . a * 

In the embodiment of Figure 3. all the nucleotides of each developer molecule hybridize to the bridging 
20 molecule and at least one other developer molecule, or to at least two other developer molecules in the 
developer chain, except for the last developer molecule. In this embodiment there Is no gap between the 
developer molecules in the chain. The developer molecules may be ligated to form a concatamer (60). 

In the embodiment shown In Figure 4. the developer molecules are branched (70). Each branched 
developer molecule is capable of hybridizing to at least three other developer molecules, or to at least two 
25 other developer molecule and the bridging molecule. 

DETAILED DESCRIPTION OF THE INVENTION 

The Target Nucleic Acid Molecule 

30 

The target nucleic add molecules that can be detected In accordance with the present Invention may 
be any nudeic add molecule. The nudeic add molecule may be DNA or RNA having any sequence of 
adenine (A), thymine fO. cytoslne (O, and guanine (G). or. In the case of RNA. uracil (U). The nucleic add 
may be single-stranded or double-stranded. There is no maximum limit to the length of the target nudeic 
35 add molecule. The molecule should have at least six nudeotide bases. "~ 

The hybridization assays possible with the present Invention may be conducted In solution, although It 
Is preferable for the target nudeic add molecule to be fixed to a solid surface. Immobilization of the target 
nudeic add molecule facilitates detection by permitting separation of the nudeic add molecule from non- 
Immobilized components by a simple washing step. The immobilization of the target nucleic add molecule 
40 may occur during any stage of the assay prior to detection. Any send surface capable of fixing the target 
nudeic acid molecule may be used in the present invention. Some suitable solid supports include 
nitrocellulose, agarose beads, modified cellulose fibers, polypropylene, and the like. The sofid surface may 
conveniently be the wall of the vessel In which the assay occurs. 

The target nucleic add sequence Is bound to the solid support by methods known in the art Such 
45 methods Indude covalent bonding and non-covalent bonding. 

Examples of non-covalent bonding Include hybrtdzation of a nudeotide sequence of the target molecule 
complementary to that of a nudeotide sequence Immobilized on the solid surface. Such immobilized 
sequences are often referred to as capture probes. 

In an alternative, non-covalent bonding method, the target nucleic add molecule contains a Hgand that 
so binds specifically to a receptor on the solid surface. Any llganoVeceptor combination that does not interfere 
wRh the hybridization of the target nudeic add molecule to the primary probe Is suitable. Some examples 
Indude. for example, blotin-avldln. myroxlne-thyroxine-blndlng globulin, carbohydrate-lectin, antibody-anti- 
gen and the like. Ether member of such combinations may constitute the Dgand or the receptor. 

55 The Primary Probe 

The primary probe Is a branched or unbranched nucleic add molecule having a first sequence of 
nudeotides capable of hybridizing to a sequence of the target molecule. The hybridization occurs under 
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normal hybridizing conditions, such as, for example, temperatures between 15-60 degrees centigrade and 
pH between 6-8. 

Preferably, the primary probe has a sequence that Is complementary to at least six nucleotides of the 
target molecule. 

5 The primary probe also has a means for binding a bridging molecule. The means for binding the 
primary-probe to the bridging molecule, which is referred to as X-Y (30) in Figure 1, may be any of the 
Ugand-receptor relationships mentioned above. Preferably, however, the primary probe (15) binds to the 
bridging molecule (20) by means of a second sequence (50) of the primary probe that Is complementary to 
at least six contiguous nucleotides of the bridging molecule. The complementary sequences of the primary 

io probe and of the bridging molecule are selected so that the target molecule does not Interfere with the 
hybridization of the primary probe to the bridging molecule. 

The length of the primary probe Is not critical, as long as It stably hybridizes to the target molecule and 
binds to the bridging molecule under normal hybridization conditions. Preferably, the primary probe Is not 
longer than necessary. For example, a linear primary probe is preferably an oligonucleotide having 12-100 

is nucleotide bases. The upper limit of nucleotides Is not critical, but Is determined by convenience, such as 
ease of synthesis and shorter hybridization times. 

The Bridging Molecule 

20 The bridging molecule is a linear or branched nucleic acid molecule that binds to the primary probe and 
to at least one developer molecule. The binding of the bridging molecule to the primary probe occurs by 
means (30) of Figure 1, as discussed above. Preferably, the bridging molecule has a sequence that 
hybridizes to the second sequence (50) of the primary probe as shown In Figure 2. 

The bridging molecule hybridizes to the developer molecules under approximately the same conditions 

as that the primary probe hybridizes to the target molecule. These conditions have been discussed above. 

Preferably, the bridging molecule has a sequence of nucleotides complementary to at least six 
contiguous nucleotides of the developer molecule. The length of the bridging molecule is not critical, as 
long as it stably binds to the primary probe and hybridizes to at least one developer molecule under normal 
nucleic acid hybridization conditions. For example, a Dnear bridging molecule is preferably an 

so oligonucleotide having 12-100 nucleotides bases. The bridging molecule may be linear or branched. 

The Developer Molecule 

The developer molecule Is linear or branched and may be self-complementary. For the purpose of this 
as specification, the term "self-complementary* means that each developer molecule Is capable of hybridizing 
to all other developer molecules under normal nucleic add hybridizing conditions, such as the conditions 
discussed above. Each developer molecule Is made up of branches, each of which comprises a nucleotide 
sequence that is complementary to that of other developer molecules. A linear developer molecule Is 
considered to have two branches. A branched developer molecule has more than two branches. 
40 Each developer molecule is capable of hybridizing to at least two other developer molecules or to the 
bridging molecule and at least one other developer molecule through complementary sequences. The 
complementary sequences of each developer molecule comprise at least six contiguous nucleotide bases. 
Preferably, the same sequence that binds a developer molecule to other developer molecules also binds 
the developer molecule to the bridging molecule. 
45 Chains of developer molecules form under hybridizing conditions. Since each developer molecule is 
labelted.the extent of amplification resulting from the presently described method increases as the number 
of developer molecules in the chain Increases. There Is no limit to the number of developer molecules In 
the chain. There may be 100 developer molecules, 1,000 'developer molecules, 10.000 developer mol- 
ecules, and even more. 

so In each chain of developer molecules, each developer molecule hybridizes to at least two other 
developer molecules. The last molecule In a chain of developer molecules hybridizes only to the previous 
developer molecule. 

Labelling The Developer Molecules 

55 

. The developer molecule Is labelled in accordance with methods known In the art Such methods have 
been described, tor example, by Leary et al, Proa Natl. Acad. Scl. USA (1083) 80:4045; Renz and Kurz. 
Nuci. Acids Res. (1984) 123435; Richardson and Gumport, Nucl. Acids Res. (1983) 11:6167; Smith et al, 
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Nucl. Adds Res. (1985) 13:2399; Meinkoth and Wahl, Anal. Blochem. (1984) 138467, 

The label may be radioactive. Some examples of useful radioactive labels Include *P 128 1 «3t| ^6 *H 
Use of radioactive labels have been described in U.K. 2,034,323. U.S. 4,358,535. and U S. 4 302.204 

Some examples of nonradioactive labels Include enzymes, chromophors, atoms' and molecules 
i detectable by electron microscopy, and metal Ions detectable by their magnetic properties. 

Some useful enzymatic labels indude enzymes that cause a detectable change In a substrate Some 
useful enzymes and their substrates Indude. for example, horseradish peroxidase (pyrogailol and o- 
phenylenedlamlne). beta-galactosldase (fluorescein bete-D-galactopyranoside), and alkaline phosphatase (5- 
bromo4^chloro-3-indolyl phosphate/nitro blue tetrazoHum). The use of enzymatic labels have been de- 
} scribed in U.K. 2.019.404. EP 83.879. and by Rotman. Proa Natl. Acad. Sd M 47, 1981-1991 (1961). 

Useful chromophores Indude. for example, fluorescent, chemiluminescent and biolumlnescent mol- 
ecules, as well as dyes. Some specific chromophores useful in the present Invention indude. for example 
fluorescein, rhodamlne. Texas red. phycoerythrin. umbelllferone. and lumlnol. 

The labels may be conjugated to the developer molecule by methods that are well known in the art. 
f The labels may be directly attached to the developer molecules through a functional group on the developer 
molecule. The developer molecule either contains or can be caused to contain such a functional group 
Some examples of suitable functional groups Indude. for example, amino, carboxyl. suHhydryl. maleimlde! 
Isocyanate. and isothiocyanate groups. 

. 71,8 ,abeI mav 3150 bQ conjugated to the developer molecules by means of a ligand attached to the 
i developer molecule by a method described above and a receptor for that ligand attached to the label Any 
of the ngand-receptor combinations described above is suitable. The blotin-avidin combination Is preferred. 

A method for labelling the developer molecules In a way that avoids the requirement for immobilizing 
the target nudeic add molecule to a solid support and removing non-Immobilized components involves the 
use of two molecules that can be detected when brought within a certain distance of each other Such 
labels will be detectable If, for example, non-radiative energy transfer occurs between them. If the energy 
absorbed from one of the labels by the other is re-emitted at a different wavelength, the labels can be 
detected. Such absorption and re-emission occurs when the two labels are within a specific proximity to 
each other. For example, approximately l0%-90%, preferably approximately 25%-75%. and more prefer- 
ably approximately 40%-60% of the developer molecules are conjugated to a chemiluminescent catalyst 
The remainder of the developer molecules are conjugated to an absorber/emitter moiety. The developer 
molecules containing the chemiluminescent catalyst and the developer molecules containing the 
absorber/emitted moiety hybridize to each other so that the chemiluminescent catalyst and the 
absorber/emitter moiety are suffldentiy dose In proximity to permit non-radiative energy transfer. The 
distance between the chemiluminescent catalyst and the absorber/emitter moiety is generally within 
approximately 100 angstroms or less of each other. In the presence of agents effective tor indudng Dght 
emission from the chemiluminescent catalyst a measurable amount of Dght will be absorbed by the 
absorber/emitter mdety at a wavelength that can be detected. The absorber/emitter moiety may be a 
phosphorescent or fluorescent agent Some examples of suitable chemiluminescent catalysts Include 
peroxidase and ludferase. both of which catalyze the lumlnol oxidation. Suitable absorber/emitter moieties 
for the lumlnol chemiluminescent reaction include free base porphyrins such as uroporphyrin and tetracar- 
boxyphenylporphyrin. metailoporphyrins containing such metals as magnesium or zinc, tetraphenylcarbox- 
yporphyrins. perylene. anthracene. 7-methyldibenzo(aJi) pyrene. and other polycyciic aromatics having 
conjugated ring systems of suffldent size to produce strong absorbance in the region of lumlnol 
chemllumlnescence (between 400 and 450 nm). The use of energy transfer labelling of this type is 
dlsdosed In European Patent Application 70.685. Related methods are disclosed in U.S. Patent 4.868.103 
and 4,822.733. 

The present Invention further provides a method for labelling DNA probes that has not previously been 
described. The method Is based on the existence of molecules that recognize specific DNA sequences 
even though the molecules do not contain complementary DNA sequences. The binding may occur by any 
means other than the hybridization of a complementary DNA sequence, for example by Intercalation. 

For example, the wen known drugs dlstamydn A and netropsin. and the dye Hoechst 33258 bind 
selectively to double-stranded DNA that Is A-T rich. Preferably, the A-T region comprises AATT. ATTT. or 
AAATTT. Similarly, the known drugs actinomycin D and chromomycin bind specifically to double-stranded 
DNA that Is Q-C rich. The binding of these drugs to DNA has been described by Scott et ai, Biochemistry 
27. 7940-7951 (1988) and Qao et al. Biochemistry 28. 751-782 (1989). Hoechst 33258 Is described by Teno 
et al. Nucl. Adds Res. 16. 2671-2690 (1988). DNA site-spedfic peptides and proteins are also known and 
may be used in the present Invention. 

In accordance with the present method, site-specific DNA binding compounds are attached to the 
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developer molecules by methods described above. These compounds are detected on the basis of 
differences In properties of the bound compounds relative to unbound compounds. Such differences 
Include, for example, spectral differences such as UV, NMR circular dichrolsm, and others. 

The developer molecules may be multiply labelled. Methods for attaching mufUple labels to nucleic acid 
s molecules such as those used as developer molecules herein are known in the art For example, multiple 
labelling may be achieved by means of branched linker molecules as described by Segev In EP* 292, 123 
The description and examples of branched linker molecules described by Segev in EP 292.128 Is 
incorporated herein by reference. " " 

ro Structure of Probes 

The present invention utilizes three types of probes. A primary probe hybridizes specifically to the 
target molecule. A secondary probe, referred to herein as a bridging molecule, binds to the primary probe 
and hybridizes to a tertiary probe, referred to herein as a developer molecule. The developer molecules 
io may be self-complementary. 

The relationship of the probes to each other are important The formula tor the three Woes of linear 
probes may be represented as follows: 
Primary probe: 

20 Z t -A.-Z<-X I 

11 

Bridging molecule: 

29 Y-ZrC 0 III 

^-BVZrCo-Z, rv 

Developer Molecule: 

so z^cvzx-cyz, v 

In the Formulae above, "Z" represents a nucleotide sequence that may or may not be present Each 
nucleotide sequence represented by "Z" Is Independent of all the other nucleotide sequences represented 
as by "Z". "z" may represent 0-100. Preferably, V represents 0. 

Referring now to the drawings, the primary probe (15) may be represented by Formula I. "A" 
represents the first sequence of the primary oligonucleotide probe (10). The sequence represented by "A" 
contains a nucleotide sequence that is complementary to a sequence of the target molecule (2) The 
number of nucleotides In the sequence Is represented by "a", "a" represents an Integer between 8-100 
40 preferably between 8-30, and more preferably between 10-2& 

"X" represents, a group that Is part of the means for binding the primary probe to the bridging molecule 
(20). -X" may, for example, represent a flgand capable of binding to a receptor m on bridging molecule 
(20). Preferably, however. "X" represents a second sequence of the primary probe that is complementary to 
a sequence of the bridging molecule. This second sequence of the primary probe Is shown as (50) In Figure 
46 2. and as - B" in Formula IL The number of nucleotides In sequence "B" is represented by B b". T>" 
•represents an Integer between 6-100. preferably between 8-28, and more preferably between 12-24. 

Tne bridging molecule (20) may be represented by Formula 111. "Y" In Formula III represents part of the 
means for binding the primary probe to the bridging molecule. -V may, for example, be a receptor for 
llgand 'X* of the primary probe. Preferably, however, "Y" represents a sequence of nucleotides, "B'" that 
so Is capable of hybridizing to the second sequence of the primary probe (50), which Is represented by "B" In 
Formula II. The number of nucleotides In sequence "B" Is represented by "b", which has been defined 
above. 

•C* In Formula 111 and IV represents a nucleotide sequence that hybridizes to a sequence In a 
developer molecule (40). The number of nucleotides In sequence "C" is represented by "c\ "c" represents 
66 an Integer that has the same definitions as "b" defined above. 

The developer molecule (40) is shown in Formula V. represents the sequence in the developer 
molecule that hybridizes to sequence "C" In Formulae III and IV. The number of nucleotides In sequence 
■a- Is represented by "c", which has been defined above. "C"" ts a sequence In the developer molecule 
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that Is complementary to at least one sequence In at least one other developer molecule, and may be 
complementary to sequence "C". The number of nucleotides In "C*" Is "c", which has been defined 
above. "C" and m C tm may represent the same or different sequences. Preferably. "C" and "C"" represent 
the same sequence. When "C" and "C" do not represent the same sequence, they each hybridize to a 
s different sequence of the developer molecule. Both of these sequences are represented by m C ,m , even 
though they are not necessarily the same sequence. 

It Is advantageous for "B" and "B'\ "C" and ■C m . and "C" and "C"" to hybridize selectively to each 
other. Therefore, none of these sequences should be complementary to a sequence of the target molecule 
containing a significant number of nucleotides. 

10 

Self Complementary Developer Molecules 

In one embodiment of the invention, the developer molecules are self-complementary. Important 
advantages occur when the sequence of the branches of the developer molecule are chosen carefully. The 

is sequences of the developer molecules that hybridize to each other, C and C" In Formula V, should 
hybridize uniquely so that ft Is possible to predict how many nucleotides In a hybridized developer molecule 
participate In hybridization. As mentioned above. It is preferable for all of the nucleotides of the developer 
molecule to be hybridized. 

In addition, It Is preferable for the hybridizing sequence of each branch to contain at least two of the 

20 four possible different nucleotides, preferably at least three different nucleotides and more preferably all four 
possible nucleotides (or hybridlzable analogs thereof). Preferably, each of the four nucleotides or analogs 
thereof constitute at least 5%. preferably at least 10%, and more preferably at least 15% of the total 
number of nucleotides In a complementary sequence A, B, B\ C, C, and C" In Formula l-V). 

It Is advantageous to minimize the number of different developer molecules required for an assay. In 

25 order to achieve this minimum number of developer molecules, ft is preferable for each branch of each 
developer molecule to hybridize to many branches of other developer moleculesi Most preferably, every 
branch of every developer molecule hybridizes to every branch of every other developer molecule. This 
result Is achieved by providing a branch having a nucleotide sequence with two portions. Each portion Is the 
Inverted complement of the other portion. If the sequence were double-stranded, the two portions would be 

so palindromic An example of a suitable Inverted complementary sequence is shown in Formula VI; 



(Z,) CCAAG (Z,) CTTGG (Z,) (VI) 

35 

wherein Z and z are as defined above. Any such Inverted, complementary sequence Is suitable. 

An advantage of an Inverted, complementary sequence such as that exempGfied in Formula VI above is 
that It is uniquely self-complementary. The nucleotides Involved in hybridization are known precisely. 

If a developer molecule consists of branches comprising an Inverted complementary sequence, each 

40 branch will hybridize to a branch of another developer molecule having the same sequence as itself under 
suitable conditions. Such developer molecules are referred to herein as serf-complementary developer 
molecules. Each such developer molecule can have the same structure as all the other developer 
molecules, minimizing thereby the number of branches and developer molecules that must be prepared. 
Each branch comprising an inverted complementary sequence in a developer molecule may be the 

48 same or different There may be as many different branches as there are branches In a developer molecule, 
as long as each branch comprises a sequence that Is an Inverted complement It is also possible for some 
of such branches to be the same and some to be different To minimize both the number of 
oligonucleotides that must be prepared and the time required for hybridization. It is preferred for each 
developer molecule to consist of Identical branches. An example of a developer molecule having two 

so different Inverted complementary branches Is shown as Formula VI 1 : 

CGCATCCGATGATCAT VI ' 

SB It is desirable to prevent complementary branches In the same developer molecule from hybridizing to 
each other. This result can be achieved by preparing molecules having the proper symmetry. For example, 
a developer molecule having two branches, each of which comprising the Inverted, complementary 

v sequence shown above as Formula VI when z represents 0, may have the structure shown In either Formula 
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VI A or VI B: 



CCA AG CTTGGC CAAGCTTGG- 

5 

C CAAG CTTGGGGTTCGAACC 



In Formula VI A. the ten nucleotides that constitute one branch of the molecule can told back and 
10 hybridize to the ten nucleotides of the other branch. Such Internal hybridisation of branches is undesirable. 
Internal hybridization of branches Is not possible In the structure of Formula VI B. Therefore the 
structure of Formula VIB is preferred. 

It Is possible to predict which of the two possible structures of a linear, oligonucleotide having two 
branches, each of which comprises an Inverted complementary sequence, win not lead to Internal 

19 hybridization of the branches. The molecule that avoids the Internal hybridization Is capable of assuming a 
conformation that has a two-fold access of symmetry, l.e„ C2 symmetry. For example, Formula VI B has C2 
symmetry. 

In general, It is preferable that the developer molecule have C symmetry, wherein "n" represents the 
number of branches. When the developer molecule Is branched, n Is at least 3. In developer molecules 

20 having Cn symmetry, each branch is capable of hybridising to every branch of other developer molecules, 
but Is Incapable of hybridizing to the branches of the same developer molecule. 

In addition to the nucleotides shown In Formula VI A and VI B, each branch may have additional 
nucleotides, as shown by Z, In Formula VI when z does not represent 0. The presence of such additional 
nucleotides would destroy the formal C„ symmetry. What is Important Is that the symmetry relationship be 
25 retained for that part of each branch that constitutes the Inverted, complementary sequence. The nucleotide 
sequences represented by Z may be Ignored for determining the preferred symmetry of the developer 
molecule. 

Although the branches In a developer molecule having Inverted, complementary sequences and C 
symmetry as defined above cannot hybridize to other branches In the same developer molecule, each half 
30 of the Inverted, complementary sequence can hybridize to the other half, either In the same branch or in 
another branch of the same molecule. Aa example of a branch In a three-branched developer molecule 
hybridizing to itself Is shown in Formula Vifc 



VI A 
. VI B 



T A 

T A 

G C 

G C 

CCAAG (Z) 1 CTTGG_J_GGTTC { Z ) a GAACC 

VII 



The problem of internal hybridization may be avoided by taking advantage of the fact that the 
undesirable intra-branch hybridization Involves half the number of nucleotides as the desired hybridization 
between two branches from different developer molecules. In the example shown In Formula VIII, the 
undesirable hybridization of a branch within a developer molecule involves five nucleotides. The desirable 

so hybridization between two branches from different developer molecules would Involve ten nucleotides. 
Therefore, the stringency of the hybridization conditions is selected so that five nucleotides will not stably 
hybridize, while ten nucleotides will stably hybridize. The desired stringency be determined by those having 
ordinary skill In the art For example, at temperatures between 22 and 30 degrees centigrade, five 
nucleotides will not stably hybridize, but ten nucleotides will stably hybridize. 

as It should be understood that two nucleotide sequences are considered to hybridize to each other or to 
be complementary to each other if they are sufficiently complementary to each other to hybridize under 
normal conditions. Normal conditions of hybridization have been described above. Preferably, the nucleotide 
sequences that hybridize to each other (l.e. A and a sequence of the target molecule. B and B\ C and C. 



35 
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10 



and C and C") am perfectly complementary. There may. however, be exceptions to complementarity In 
hybridizing sequences, as is well known. The longer the hybridizing sequences, the more exceptions may 
occur without forfeiting the ability to hybridize under normal conditions. 

Moreover, although ranges of values for the number of complementary nucleotides In hybridizing 
sequences. La. a. b. and c in Formula HZ. have been given, these ranges are not critical. The minimum 
number of nucleotides In a complementary sequence is the number that stably hybridizes under normal 
hybridizing conditions as described above. The stringency of the conditions generally increases as the 
number of complementary nucleotides Increases. The minimum number of complementary sequences is 
typically 8. preferably 12. and more preferably 16. 

There is no necessary upper limit to the number of complementary nucleotides capable of hybridizing 
to each other. The upper limit Is. rather, governed by practical considerations, such as cost and time 
required for hybridization. Therefore. In the present invention, the maximum number of nucleotides in a 
sequence that hybridizes to another sequence typically does not exceed 100. preferably 40. and more 
preferably 24. 

is it Is possible to design a developer molecule having a sequence that hybridizes to the target nucleic 
acid molecule. In such a case, the first developer molecule, which hybridizes to the target nucleic add 
molecule,. Is considered the primary probe, and the second developer molecule or molecules which 
hybridize to the primary probe, is considered to be the bridging molecule. 

In order to maximize the efficiency of the presently described method and the stabiDty of the complex 

» of nucleic acid molecules formed. It Is preferable for ail of the nucleotides of the bridging molecule to 
hybridize either to the second segment of the primary probe or to at least one developer molecule, so that 
there are no unhybridized nucleotides In the hybridized bridging molecule. Moreover, it is further preferred 
for 30%-70%. preferably 40%-60%, and more preferably 45%-55% of the nucleotides of a linear bridging 
molecule to hybridize to the primary probe and the remaining 70%-30%. preferably 60%-40% and more 

2S preferably 55%-45% of the nucleotides of the bridging molecule to hybridize to at least one developer 
molecule. 

Similarly. It Is preferable for all of the nucleotides of the developer molecule to hybridize to the bridging 
molecule and at least one other developer molecule, or to at least two other developer molecules in the 
developer chain, except for the last developer molecule In the developer chain, which may hybridize to as 

30 few as one other developer molecule, so that all of the nucleotides of the developer molecule are 
hybridized. Further, it Is preferable for 30%-70%, preferably 40%-60%, and more preferably 45%-55% of 
the nucleotides of each linear developer molecule In the developer chain to hybridize to the bridging 
molecule or to at least one additional developer molecule, and the remaining 70%-30%, preferably 60%- 
40%, and more preferably 55%-45% of the nucleotides of each developer molecule, except for the last 

as developer molecule In the chain, to hybridize to at least one additional developer molecule. 

When all of the nucleotides of the bridging molecule (20) hybridize either to ail of the nucleotides of the 
second segment (50) of the primary probe (15) or to all of the nucleotides of at least one developer 
molecule (40), there will be no nucleotides of the bridging molecule that are not hybridized. Under such 
circumstances, one end of the second sequence of the primary probe (50) will be adjacent to an end of a 

40 first developer molecule (52) with no gap between them, as shown in Figure 2. The end of the second 
segment of the primary probe may be Cgated to the adjacent end of the developer molecule as shown in 
Fig. 3. 

When all of the nucleotides of each developer molecule hybridize either to the bridging molecule and at 
least one other developer molecule, or to at least two other developer molecules in the developer chain. 

4s except for the last developer molecule in the developer chain, which may hybridize to as few as one other 
developer molecule, there will be no gaps between the bridging molecule (20) and an end of the second 
developer molecule (54) In the developer chain or between the ends of the developer molecules In the 
developer chain. Thus, an end of the first developer molecule (52) will be adjacent to an end of the third 
developer molecule (56). as shown In Figure 2. The other end of the third developer molecule will be 

90 adjacent to an end of the fifth developer molecule, and so on. Similarly, an end of the second developer 
molecule will be adjacent to an end of the fourth developer molecule. The other end of the fourth developer 
molecule will be adjacent to an end of the sixth developer molecule. Under such conditions, the adjacent 
ends of the bridging molecule and the developer molecules may all be Dgated to each other. 

In view of the above. It is possible to ligate the primary probe, the bridging molecule and the developer 

65 molecules- In the developer chain together to form a concatamer. Such a concatamer is shown as (60) in 
Figure 

3. The number of developer molecule units In the concatamer may be as large si 100. 1.000, 10,000. 
and even more. In view of the label on each developer molecule, the amplification of the signal is 
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significant 

For maximum stability, one strand of ligated developer chain is ligated to the primary probe and the 
other strand of ligated deveioper chain is ligated to the bridging molecule. Such a structure Is shown In 
Figure 3. In addition, if the target nucleic acid molecule Is linear and if the sequence of the target nucleic 
s acid molecule that hybridizes to the primary probe occurs at an end of the target nucleic acid molecule the 
target nucleic add molecule may be hybridized to the bridging molecule. 

The ligations described above may be accomplished with a suitable enzyme. A suitable enzyme 
Includes, for example, T4 Hgase. 

ro Branched Probes and Molecules 



The primary probe, bridging molecule and developer molecule may be linear or branched. A molecule 
Is considered to be linear for the purposes of this specification if It has two branches and to be branched if 
It has three or more branches. Each branch comprises a sequence that Is capable of hybridizing to a 
is * sequence In a branch of the target molecule or of a primary probe, bridging molecule or developer 
molecule. The branches of branched probes and molecules In accordance with the invention need not be 
different from the branches of Dnear probes and molecules. 

Linear oligonucleotides as well as the Individual branches of branched oligonucleotides may be 
synthesized by methods known in the art For example, the automated phosphoramldrte method of Warner 
20 et ai, DNA 3. 401 (1884) may be used. 

Branched molecules containing DNA sequences may suitably be prepared by methods known in the 
art. For example, branched molecules may be prepared by Joining the branches through a linker group. The 
linker group may comprise a multifunctional molecule that is capable of binding to oligonucleotides 
preferably to' the 5' or 3' end of the oligonucleotides. Suitable multifunctional groups are described Ira 
25 Segev. European patent application 292,128. The linker group may also be a group attached to one or more 
of the nucleotides In the oligonucleotide. 

Branched nucleic acid molecules for use In the present Invention may be prepared In accordance with 
Urdea et al, EP 317,077. For example, the Urdea et al application discloses comb structures in Figure 3-1 
and at page 8, One 38 et seq; fork structures in Figure 3-2 and at page 10, fine 7 et seq; multiple fork and 
30 to** 1 comb structures in Rgures 3-3 and 3-4, respectively, and at page 10, line 26 et seq; and multiple 
comb structures In Figure 3-5. and at page 10. line 30 et seq. The synthesis of such branched structures is 
described In Example 2B. The Rgures, descriptions, and exempflflcations of the comb, fork, multiple fork, 
fork comb, and multiple comb structures In Urdea, EP 317,077 are incorporated herein by reference 

When a developer molecule Is branched, each branch should be capable of hybridizing to at least one 
36 branch of another deveioper molecule. Preferably, no branch of a developer molecule Is capable of 
hybridizing Internally to another branch of the same molecule. 

For example, a developer molecule having three branches, each of which comprises the Inverted, 
complementary sequence shown above as Formula VI, may have the structure shown in Formula VIII: 

C 
C 
A 
A 
6 
C 
T 
T 
G 
G 

CCAAGCTTG G I G GTTCGAACC 



wherein 
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represents a Dnklng group. In Formula VIII, there Is a three-fold access of symmetry. C, symmetry 
Therefore, none of the branches can Internally hybridise to another branch In the same molecule 

The bridging molecule may also be branched. One branch (B< In Formula II) of the bridging molecule 
hybridizes to the second sequence of the primary probe (B In Formula I). The remaining branches 

s preferably comprise Inverted, complementary sequences Identical to those used In the developer mol- 
ecules. More preferably, the second sequence of the primary probe comprises the same Inverted 
complementary sequence as occurs In each branch of the developer molecule. In such as case the 
bridging molecule will be Identical to the developer molecule, further minimizing the number of different 
molecules required to be prepared for the assays of the present Invention. 

ro The primary probe may also be branched. The first sequence of the primary probe Is complementary to 
a sequence of the target molecule. The second sequence of the primary probe, which hybridizes to the 
bridging molecule, may appear on multiple branches. 

The total number of branches In the primary probe, the bridging molecule and the developer molecule 
Is at least two. Preferably, there are three or more branches. The upper limit of the number of branches is 

is that necessary to prevent excessive sterlc hindrance. Normally, there wiil not be more than 5 branches, 
preferably not more than 3 branches. * 
Preferably, there are 3-5 branches In the developer molecules, and/or the bridging molecules, and/or 
the primary probe. It Is most Important for the developer molecule to be branched, since there are more 
developer molecules than bridging molecules or primary probes. The presence of branched developer 

20 molecules leads to exponential signal amplification of (Q-1)', wherein represents the number of self- 
r^bTSorf 7 branCh8S ™ d V represents the number of developer molecules In a chain following 

Pairs of Non-aelf-hybridlzable Developer Molecules 
25 ~ 

Instead of self-complementary branched developer molecules. It Is possible to use a pair of linear or 
branched developer molecules. Each member of the pair has a different structure that Is not self- 
complementary. Each branch of one member of such a pair hybridizes to at least one branch of the other 
member of the pair. Preferably, the sequence of each branch In each member of the pair Is identical so 

30 that each branch of one member of the pair hybridizes to each branch of the other member of the pair 

It is also preferable for the branches of-such branched developer molecules to hybridize uniquely to its 
complementary partner. Unique hybridization for the purposes of this specification means that when a 
sequence hybridizes to Ms complementary partner, the same number of nucleotides hybridizes each time. 
For example, a branch consisting of homopolymerlc oligonucleotides, l.e. poly-A. can hybridize to its 

as complementary partner. I.e. poly-T. In almost as many ways as there are nucleotides In the oligonucleotide 
Such unpredictability is disadvantageous. Preferably, therefore, the sequence of each branch contains at 
least two different nucleotides, preferably at least three different nucleotides, and more preferably all four 



In order to avoid the hybridization of half of each such sequence to the other half. It is preferable if the 
branches contain no sequences that constitute inverted complements. Except as indicated above the 
branches of the pair of non-self-complementary developer molecules are similar to the branches of theself- 
complementary developer molecules described earlier, and may be prepared the same way 

J^^T^Z^ 6 ^ d8veloper n,olecu,es U8eh " h ws — — of •» 

* 1 

T 

I ? 

G G 
GCAATCG_L_GCTAACG CGATTGC_X_CGTTAGC 
IX 
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ASSAYS 



The- present Invention Is useful In a large variety of known hybridization procedures An assav 
according to the present Invention, Involves at least the following steps: 
, I) hybridizing a target nucleic add molecule to a first sequence of a primary probe; 
II) binding the primary probe to a bridging molecule, preferably through a second sequence of the 
primary probe that is complementary to a nucleotide sequence on the bridging molecule: 
fli) hybridizing the bridging molecule to at least one labelled developer molecule; 
rv) hybridizing at least one additional labelled developer molecule, forming thereby a chain of labelled 
developer molecules; and 
v) detecting the labelled developer molecules. 

The assay may. for example, occur in a liquid phase. Preferably, the target nucleic acid molecule Is 
Immobilized on a solid surface. Immobilization may occur by covalently attaching the target nucleic add 
molecule to the solid support, as described .tor example, by Albarella et at, EP 144,914; Dattagupta et a! 
EP 130.523; or YabusaJu et al. WO 85A3262a The target nudelc acid molecule may also be immobilized on 
the solid support by non-covalent means, for example, the target nucleic add molecule may be bound to 
the solid support by means of a Dgand-receptor Interaction. A sandwich hybridization method wherein the 
target nucleic acid molecule hybridizes to an Immobilized nucleotide sequence In a way that does not 
Interfere with hybridizing the target to the primary probe Is also possible. 

Immobilizing the target nudeic acid molecule may occur before hybridizing the primary probe to the 
target nucleic add molecule. Alternatively, the target nucleic acid molecule may be Immobilized after 
binding the target nudelc add molecule to the primary probe, to the bridging molecule or to the developer 
molecules. The Immobilization step may also occur simultaneously with any of these steps. The advantage 
of Immobilizing the target nucleic add molecule is that the unhybrtdized labelled molecules may be 
separated from the Immobilized complex prior to detection, thereby reducing the background and Increasina 
the signal-noise ratio. * 

Claims 

1. A method for amplifying a signal during the detection of target nucleic add molecules comprising the 
steps of; 

a) hybridizing a first sequence of a primary oligonucleotide probe to the target nucleic add 
molecules wherein the primary probe has a means for binding to a bridging nudelc add molecule 
the bridging molecule being capable of hybridizing to at least one developer nucleic add molecule; ' 

b) exposing the primary probe to the bridging molecule and to a first developer molecule and a 
second developer molecule, each developer molecule comprising: 

I) a first branch comprising a sequence of at least two different nucleotides and at least six total 
nucleotides complementary to a sequence of a first branch of the other developer molecule; 
ii) a second branch comprising a sequence of at least two different nucleotides and at least six 
total nucleotides complementary to a sequence of a second branch of the other developer 
molecule; and 

III) a detectable label or a means of being converted Into a developer molecule comprising a 
detectable label; ' H u 

wherein the first developer molecule and the second developer molecule have structures that 
are the same or different; and 

steps a and b being conducted under conditions such that 

I) the bridging molecule binds to the primary probe and hybridizes to the first developer 
molecule; and 

II) the bound first developer molecule hybridizes to the second developer molecule to form a 
developer chain; and 

c) detecting the labeled developer molecule In the developer chain. 

2. The method of claim 1 wherein the target nudeic add molecule Is Immobilized on a solid support 

3. The method of claim 1 wherein the solid support Is a wall of the vessel In which the amplification 
occurs. 



4. The method of claim 1- wherein the first and second developer molecules are self-complementary and 
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have the same structures. 



* l^T* ° f Ciam 4 WhSreln *" ^ deV6l0P6r mo,ecu,M ,n ^eloper chain have the same 

* IdTnti^ ° f 5 Whereln nUd80tfd9 8eqU6flC8 01 branch of *° ^foper molecule fs 

7. The method of claim 6 wherein each branch comprises an Inverted, complementary sequence. 

8. The method of claim 7 wherein each developer molecule is capable of assuming a conformation having 
C symmetry, wherein "n" represents me number of branches. ^ 

a. TTie method of claim 7 wherein "n" represents 2 or 3. 

10. The method of claim 1 wherein the first and second developer molecules are not self^omplementary 
and nave different structures. 

11. The method of claim 10 wherein no branch contains an Inverted, complementary sequence. 

12. The method of claim 1 1 wherein the number of different developer molecules is two. 

13. The method of claim 1 wherein the means for binding the primary probe to the bridging molecule Is a 
seconc I sequence of the primary probe that Is complementary to at least six contiguous nucleotides of 
motoSe "° t C0mpl8mentary «o more than four contiguous nucleotides of the target 

14 1^f^ f ^1 r h6r8ln * e d9v8loper chaln «"«*• "P «o 10.000 developer molecules, each of 
which hybridizes to at least two other developer molecules, except for the last developer molecule In 
the chain, which may hybridize to one other developer molecule. 

1S * "H^SfS^ " w hefe,n - th V ucleo * tes of *• bridging molecule hybridise either to all the 
SSoJr^l S8qU9nM Primary P«*e * * all the nucleotides of at least one 

18. The method of cWm 15 wherein the bridging molecule Is linear and thirty percent to seventy percent of 
the nucleotides of the bridging molecule hybridize to the primary prebeand the remaining^™* 
percent to thirty percent of the nucleotides of the bridging molecThybridize to a deveC^Te 

17 ' J£ . m<ah0d ,°' t 6 " \ 4 * h f re,n *" me nucleotides of each developer molecule hybridize either to the 
52£L"2^ "f • ^ 006 ^ d9V8l0pef molecute or to at least two other developer 
TTZf .! dBV8l °P er f ha,n - exce Pt for the last developer molecule in the developer chain. wWch 
may hybridize to one other developer molecule. 

11 ^tSjl^Z ^ Jf 9 f 8 * 610 ^ m0lecutes are l,near md Percent to seventy 
mn^L o^, n t ,^ d9V ! l0p f m0teCU,e ln *" developer cham ^ybridze to the bridging 

molecule or to at least one additional developer molecule, and the remaining seventy percent to thirty 
percent of the nucleotides of each developer molecule In the developer chain, except for the lad 
developer molecule in the developer chain, hybridize to at least one other developer molecule. 

19 " 'HZIZ^yl 1 1? 1 m i 5 ,° r " T ha ?' n 93Ch d9va,0per motecula «« developer chain Is ligated to the 
developed b^K and/ ° ft0the ° ther d6Vel0por mol8Cule <* ""lecules to which the 

20. The method of claim 1 wherein the developer chain contains up to 10.000 branched develooer 
o^ZdeSeTrnSe ^ """^ ^ ^ hybridbes to * ,ea * 
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I. The method of claim 20 wherein ail the nucleotides of each developer molecule hybridize to the 
primary probe, the bridging molecule, and/or the other developer molecules to which the developer 
molecule Is hybridized. K 

A method for amplifying a signal during the detection of target nucleic add molecules comprising the 
steps of: 

a) hybridizing a first sequence of a primary oligonucleotide probe to the nucleic acid target 
molecules wherein the probe has a means for binding to a bridging molecule, the bridging molecule 
being capable of hybridizing to at least one developer molecule; 

b) exposing the probe to the bridging molecule and to a plurality of developer molecules having at 
least three branches, each branch of the developer molecule having a sequence of at least six 
nucleotides that Is complementary to a sequence of at least one other branch of the same or of 
another developer molecule; each developer molecule: 

i) being capable of hybridizing to at least three other developer molecules; and 
II) containing, or being capable of containing, a detectable label; 
under conditions such that 

I) the bridging molecule binds to the primary probe and hybridizes to at least one developer 
molecule; 

fl) at least two additional developer molecules hybridize to the first developer molecule; and 
HO a plurality of other developer molecules hybridize to the hybridized additional developer 
molecule to form a developer chain; and 

c) detecting the labelled developer molecules In the developer chain. 

23. The method of claim 1 or claim 22 wherein the developer molecules are bound to functional groups of 
25 a molecule having three to five functional groups. 

24. The method of claim 1 or claim 22 wherein the functional groups are carboxaldehyde groups, amino 
groups, sulfhydryl groups, hydroxy groups, carboxy late groups, 

so 26. The method of claim 24 wherein the molecule Is dextran. 

26. The method of claim 22 wherein eachbranch of the developer molecule comprises a sequence of at 
least six nucleotides that Is Identical In one direction and complementary In the opposite direction to 
the sequence of nucleotides In every other branch. 

35 

27. The method of claim 28 wherein the sequence consists of an inverted, complementary sequence. 

2d The melhod of claim 22 wherein the developer molecules exhibit C symmetry if nucleotides not part of 
the Inverted, complementary sequence are ignored, wherein "n" represents the number of branches. 

29. The method of claim 22 wherein the signal is exponentially amplified by a factor of (0-1)* wherein "Q - 
represents the number of branches and V represents the number of developer molecules In the 
developer chain. 

45 30. The method of claim 22 wherein the bridging molecule is branched. 

31. The method of claim 22 wherein the bridging molecule and the developer molecules are Identical. 

32. The method of claim 22 wherein the primary probe is branched. 

60 

3a A method for detecting the presence of a nucleic add sequence comprising the steps of: 
a) contacting the nucleic add with a molecule that 

I) Is not a complementary nudeic add sequence; and 

II) binds specifically to the nucleic acid sequence; and 
55 b) detecting the presence ef the bound molecule. 

34. The method of claim 33 wherein the molecule is distamycin A. netropsin and Heochst 3325a 
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35. The method of claim 34 wherein the molecule Is dlstamydn A. 

36. The method of claim 34 wherein the nucleic add sequence Is AT rich. 

37. The method of daim 38 wherein the nucleic add sequence comprises AATT or ATTT. 
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© DMA probe signal amplification. 

© The Invention relates to a method for amplifying 
a signal during the detection of target nucleic acid 
molecules comprising the steps oh 

a) hybridizing a first sequence of a primary 
oligonucleotide probe to the target nucleic acid 
molecules wherein the primary probe has a 
means for binding to a bridging nucleic acid mol- 
ecule, the bridging molecule being capable of 
hybridizing to at least one developer nucleic acid 
molecule; 

b) exposing the primary probe to the bridging 
molecule and to a first developer molecule and a 
second developer molecule, each developer mol- 
ecule comprising: 

i) a first branch comprising a sequence of at 
least two different nucleotides and at least six 
total nucleotides complementary to a sequence 
of a first branch of the other developer mol- 



> a second branch comprising a sequence of 



at least two different nucleotides and at least 
six total nucleotides complementary to a se- 
quence of a second branch of the other devel- 
oper molecule; and 

Hi) a detectable label or a means of being 
converted Into a developer molecule compris- 
ing a detectable label; 

wherein the first developer molecule and the 
second developer molecule have structures that 
are the same or different; and 

steps a and b being conducted under con- 
ditions such that 

i) the bridging molecule binds to the primary 
probe and hybridizes to the first developer 
molecule; and 

ii) the bound first developer molecule hybrid- 
izes to the second developer molecule to form 
a developer chain; and 
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